SLEEP MANAGERS' QUICK REFERENCF --KEY FACTS AND RECOMMENDATIONS
Degrading effects of sleep loss on performance, moous, and motivation to work are felt most strongly during the daily circadian trough, as detined by body temperature. The circadian trough occurs between 0200 and 0600 of the time zone to which the body is adapted.
There is a significant loss of performance efficiency when an operation demands a longer-than-24-hour continuous work episode (CWE) . After a CWE of 36 hours, target detection is 70% and decoding is 50% of baseline.
Uninteresting and complex tasks are more seriously affected by sleep loss than interesting and/or simple tasks.
Critical but routine tasks are often skipped, since sleep loss reduces overall willingness to respond.
Physical work feels much heavier with sleep loss because of exaggerated perceptions of physical exertion.
Short-term memory is seriously affected. Sleep-deprived individuals tend to overestimate their ability to perform tasks.
They lose insight as to how well they are performing their assigned tasks.
• Sleep loss causes deterioration of personal hygiene.
* Often, higher ranking personnel are more likely to go without sleep because they feel their duties are the most critical and cannot be fulfilled by others. Paradoxically, this sense of duty can result in performance impairment, compromising the very goals they sought to achieve by denying themselves sleep.
Sleep loss can be measured by the use of sleep logs to quantitate the amount and timing of sleep and by the use of a mood scale and the plus 7 task to quantitate the impact of sleep loss. Uninterrupted sleep is more restorative. Avoid interruptions (e.g., employ bladder prior to attempting to sleep).
Optimize your circadian rhythms by following a regular schedule every day.
* Sloep can bo improved by: following a regular nighttime routine, avoiding caffeine tor several hours before bed, avoiding excessive Napping is usually beneficial in maintaining task performance.
However, be aware that awakening from naps may be accompanied by sleep inertia. Allow enough time (five to ten minutes) to overcome this before beginning activities.
S
IUse diagnostic aids, such as a sleep/activity diary, a mood scale, and the Plus / Task, to obtain a realistic measure of sleep debt severity.
If sleep deprivation cannot be avoided, be aware of and plan for its effects: * Physical activity may temporarily counteract sleepiness, but activities will seem more difficult than usual, and sleepiness and fatigue will be increased afterwards.
*
Sleep may be stored to some extent, thus longer than usual sleep periods (but less than ten hours) may be beneficial. Generally, a person will work most effectively in the afternoon and evening (1400 to 2000), although memory processes may peak somewhat earlier; this is called the "circadian peak." The time of least effective work is in the early morning hours (0200 to 0600), or the "circadian trough." Figure 1 represents speed and performance accuracy for a mental task over two days and nights without sleep. The subjects were Basic Underwater Demolition/Sea, Air, Land (BUD/SEAL) students who had successfully completed Phase 1 training. The physical characteristics of this population closely resemble those of SEALs (Beckett et al., 1989) .
For accuracy (percent correct), higher numbers represent better performance. Speed (reaction time) is presented as the inverse (1/sec), so that higher numbers represent better performance for this measure as well.
FIGURE 1
The data in Figure 1 illustrate two important points. First, performance varies across the day, with the worst performances occurring during the early morning hours (the usual sleep period).
As subjects continue to work into the morning and afternoon of the second and third day, perforr~iances improves relative to the preceding night, despite the fact that sleep deprivation continues to progress. Second, performance deteriorates as sleep deprivation continues. When performance at the same time on the second day is compared to that of the first day, the second-day performance is always worse. The worst performance occurs during the second late-night work period, when detrimental effects of working during the usual sleep period are compounded by effects of accumulated sleep deprivation. In summary, people work best during daytime hours and w-•st late at night (between 0200 and 0600); both daytime and nighttime performance can be degraded when preceded by sleep deprivation. Preplanned work/rest-sleep schedules should be adopted and followed as closely as possible so that combat unit members may be fully combat effective.
Pre-combat Phase. As discussed in Sections 2.0 and 2.4, the body has a circadian rhythm associated with the time zone to which it is adapted. If deployment involves rapid transfer across more than one or two time zones, some degree of jet lag will occur.
When there is a week or more delay between combat zone arrival and actual combat, personnel cart adjust to the new time zone.
However, when there is no delay, it may be best to stay with the work/rest-sleep pattern of the home base.
In that case, combat unit members will not try tc'
adjust their circadian rhythms to local time.
Possible techniques for
accelerating circadian adjustments will be discussed later in this manual.
Physiological and mental efficiency are influenced by the degree of adjustment or lack of adjustment to the local day/night cycle. For example, combat unit members working in the afternoon by local time may physiologically be working at 0200 to 0600 hours by home base time. Thus, witho L adjustment to local time, daytime performance would be poor, since 0200 to 0600 hours is the circadian low point in performance efficiency. It is often necessary to use shift-work in a military operation, as the available manpower pool is relatively fixed. Usually, the simplest way to plan for shift-work is to divide available manpower into two or three teams, where each team includes the supervision, skill-mix, and number of people necessary to accomplish the task. These teams rotate, providing workers around the clock.
With three teams, a basic 8-hours-on/16-hours-off schedule can be established.
If only two teams can be formed, the workload per team will go up (i.e., a 12--hours-on/12-hours-off schedule), and the length of rest periods will be shortened There are large, stable, individual differences in tolerance to sleep loss. If one ranks a group of individuals in terms of tolerance to sleep loss (or ability to work without sleep) from the highest to the lowest, this ranking will remain stable across various sleep-restricting operations.
Tiring easily is not a personality weakness; the ability to do without sleep is not a learned trick.
Some individuals are born as long-sleepers and others as short-sleepers. Short-sleepers tolerate sleep loss well; long-sleepers do not.
It is important for combat unit members to know their sleep loss tolerance. Some people may be overwhelmed by the loss of one night's sleep; some can take sleep loss in stride.
The work/rest-sleep schedule will set an optimal pattern 
Overcoming Performance Degradation
When signs of performance degradation begin to appear among members of a combat unit during SUSOPS, several preventive measures can be taken, such as setting aside time for naps, changing routines, or rotating jobs, if persornnel are cross-trained.
The most sleep-loss--affected member should be allowed to do a task that can be accomplished at a pace set by the worker, not by the job.
Sleep loss has less impact on self-paced jobs. Everyone should be encouraged to write down work to be done or messages received, and have others check what has been written for clarity and legibility.
It is unlikely that two members of a combat unit will become incapacitated by sleepiness at exactly the same time.
Teaming up to do a job, or creating the buddy system, is as valid a concept in SUSOPS as in SCUBA diving. In pre-combat and combat phases of an operation, it is unrealistic to expect that four to five hours of unbroken sleep per 24-hour period will be available. If necessary, sleep can be ,aken in short periods of .0 to 30 minutes. This method, however, is less recuperative than long blocks of sleep, so the longest feasible periods should be allotted. If sleep must be broken into many short periods, a longer total amount of sleep will be needed to achieve the same degree of benefit.
Sleep management is usually not considered necessary for the postcombat/post-mission phase, but plays a significant part in regaining combat readiness. This is especially important when another comhat mission phase is expected to follow shortly. The first post-combat/post-mission sleep period should be allowed to extend either to spontaneous awakening or for 10 hours (whichever comes first). This first recovery sleep should be arranged so that there will be an awake period of 12 hours or longer before the next sleep period.
Inadequate sleep management will delay re-adjustment to a routin3 work/rest-sleep schedule.
Signs of Degradation
Review Section 4.0
Tolerance to Sleep Loss
Review Section 4.1
The Ability to sleep
There are many factors in the field which tend to prohibit sleep. Sometimes combat unit members may not want to sleep so as not to miss exciting events.
However, distractions must not cause sleep to be shortened to less than four hours per 24-hour period.
Combat unit members must be disciplined to take naps. Napping is not a time-wasting luxury, but is mandatory for maintaining performance under conditions where opportunity for sleep is limited.
Aids to Measure Sleep Loss
Three aids that can help a field commander apply sleep management during a field exercise are: a) a sleep log; b) a mood scale; and c) the "Plus 7 Task."
The best way to manage sleep in the field is to keep a sleep log.
From the predeployment phase to the post-deployment phase, records of all sleep and nap periods should be kept.
A record of total hours of sleep accumulated over the operation period should be included. Such a record will help to ensure that combat unit members are sleeping at leant four to five hours par 24-hour period. If a sleep log shows that total hours of sleep (including nap periods) are less than four hours per 24-hour period, the first available long rest period must be used for sleep.
If combat unit members have not slept for 48 or inure hours, a sleep period should be two hours or longer, if at all possible. While any sleep is physiologically better than none, sleep inertia may be worse after shorter naps in such sleep-deprived individuals. Also, the psychological difficulty of having to awaken so soon can impact motivation negatively. This is especially important if the sleep period should fall from 0200 to 0600, the circadian rhythm trough.
The combined effects of a deeper circadian low (caused by sleep loss) and the sleep time being too short may cause personnel to feel they cannot go on.
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A sleep log can be very simple. How rested a person feels, and whether there is a perceived need for more sleep, relate both to how restful sleep is, and the severity of the accumulated sleep debt. The mood scale serves as an abbreviated estimate of the more complex mood scale, should that not be available.
Hours of work in the last 24 hours provides an indication of how much sleep limitation is based on workload, and how much leeway there might be for additional sleep.
The "Remarks" section can be used for recording the presence and quantity of physical exertion.
The sleepiness scale on the back of the card (lower portion of the page) measures sleepiness subjectively.
The way we feel during the late morning and afternoon of a day following a good night's sleep with no sleep deprivation in the recent past, is represented by response (1). The way we feel in the middle of the night after many days without sleep is represented by response (7).
Subjective sleepiness can be very helpful in assessing the impact of sleep deprivation. However, military personnel (perhaps particularly elite groups such as SEALs) nviy be reluctant to admit feeling sleepy, considering it evidence of weakness. Thi-caxi make the subjective sleepiness measure worthless. Sleep managers need to convince those under their commands of the importance of answering this sleepiness scale objectively and honestly. With accurate answers, this scale can help assess whether a sleep plan is adequately fulfilling the sleep needs of personnel.
Mood Scale. A field commander should watch the moods of combat unit members for early signs of accumulating sleep debt. Since leaders know these people, they will probably be aware when their moods change from positive and energetic to negative, jittery, and defiant.
A more objective means of determining how rapidly combat unit members' moods are changing is a mood scale, such as the NAVHLTHRSCHCEN Mood Scale (Append.x 2). The NAVHLTHRSCHCEN Mood Scale consists of 19 positive and 10 negative adjectives describing moods.
Once personnel become familiar with the mood scale questionnaire, it will take less than a minute to score positive and negative changes in mood. The questionnaire should be administered to combat unit members before an operation begins, as well as while it is in progress. This enables the field commander to detect subsequent increases in negative mood, and decreases in positive moods, by comparing with the baseline phase.
Plus 7 Task. The effects of inadequate sleep can sometimes be masked when personnel put forth extra effort toward their assigned tasks. This is laudable evidence of professionalism. However, this masking may be misleading and may prevent appropriate preventive measures. It may appear that sleep loss is not affecting personnel; yet a short time later, combat unit members may show serious performance degradation.
Moderate physical work and excitement may also mask performance degradation. However, during the post-physical-work period, combat unit members will show greater deterioration of cognitive performance. The combined effects of physical work and sleep loss cause increased fatigue and sleepiness once the physical activation ind excitement wear off.
The best, way to detect early degradation in mental task performance, despite such masking, is to have combat unit members do an over-learned task of a rather boring nature, such as the "Plus 7 Task". The Plus 7 Task tests shortterm memory, which is affected by sleep loss. It reliably detects mental degradation.
The Plus 7 Task consists of continuous additions. A random number between b and 9 (for example, 9) is picked.
A short mental calculation is performed by adding 7 to the number (9 f 7 --16). The calculation is performed again using the previous sum (16 A7 = 23). These additions are all done in the head, remembering the sum and calculating the new sum by adding 7. When combat unit members can continue to do the Plus 7 Task correctly for one minute or longer without long pauses, they do not have severe sleep loss effects. If a particular individual is to be tested, the individual should say thie sum aloud as it i.s 22 calculated.
The sleep manager should note how steady and accurate this individual is in performing the task. Check the accuracy of the answers with a table listing a sequence of the correct sums (Appendix 3). However, more important than accuracy is whether a person can do repeated additions without long pauses. A few minutes of the Plus 7 Task, preferably with eyes closed, will reveal any mental degradation due to sleep loss.
As with the mood scale, the Plus 7 Task must be administered prior to the start of the operation to assess baseline performance. Testing should subsequently be given at least once each 24-hour period, preferably several times a day. A substantial decrease in the total number of additions completed, as well as increased number of long pauses or inaccurate additions, indicates deterioration.
Sleep Facts
A combat unit field commander/sleep manager needs to understand sleep.
Following are some basic facts about sleep:
* Resting on a bed is not the same as sleep.
During the deployment phase, many soldiers may be resting, but not sleeping, due to excitement.
Make certain that people are asleep, not merely resting.
* People typically become sleepy at least twice a day: once in the afternoon and once during the habitual sleep time.
*
There is evidence that a small amount of extra sleep can be stored in our bodies. Sleeping a little longer than the normal seven to eight hours (achieved by going to bed early rather than sleeping late) before deployment may increase tolerance to subsequent sleep loss.
However, the important thing is not to begin a prolonged operation already sleep-deprived. Most people live in a chronic state of mild sleep deprivation; therefore, the main benefit of sleeping a little longer during predeployment may be to counter existing sleep deprivation. Another possible situation where sedatives might be used is to allow sleep after stimulant ingestion, as was discussed in the preceding section.
Other Medications
Although nicotine is not an effective stimulant in general, those who are addicted to it may perform less well when deprived of it. Also, when a smoker (or a smokeless tobacco user) is asleep, his body starts to go into nicotine withdrawal. This often causes smokers to wake up during the night. Nicotine has a very broad range of effects on the body, including the cardiovascular system.
It is possible that some of these effects could interact in a negative or even dangerous manner with the effects of some military activities (e.g., diving).
Additionally, tobacco products, including smokeless tobacco, have wellestablished negative effects on health.
Alcohol can also cause sleep problems. First, as with any depressant drug, there is a n ,ed for more and more alcohol to induce sleep.
Second, alcohol is metabolized very rapidly. A few hours after consuming alcohol, the body begins to withdraw from the effects, causing light,-sleep and a tendency to wake up. Bright-light exposure during the time period corresponding to morning in your original time zone will tend to push your rhythm forward. With a six-hour shift, this would correspond to the early afternoon period (i.e., 0700 to 1000 in your original time zone would correspond to 1300 to 1600 in your new time zone). This is the time when one should get bright-light exposure to assist in adjusting to the new time zone. Bright-light exposure during the time period corresponding to evening in your original time zone, has the reverse effect. Bright-light at the wrong time tends to cause you to go to sleep and awaken later. Therefore, after an eastward flight, you would want to avoid evening light. After a westward flight, you should avoid morning light and seek evening light (again, remember, "morning" and "evening" are defined by your original time zone). Special artificial lights are becoming available to facilitate correctly timed bright-light exposure under conditions when natural sunlight is unavailable.
Light visors and light masks to provide controlled, individual light exposure are currently being tested and may be helpful during transport, but we need more definitive studies.
Controlled light exposure can also be used to shift a person's circadian rhythm deliberately out of phase with local time. For example, someone who needs to work the night shift might want to be as much as 12 hours out of phase with local time. This is possible with timed bright-light exposure. However, it requires careful protection from bright-light exposure at the wrong time of day and conformance to the new sleep-wake cycle (i.e., you can't work the night shift during the week, play by day on the weekend, and expect your body to be in phase with your work schedule). Under controlled military conditions, this may be possible.
Exposure to artificial bright light could be used first to shift the circadian rhythm to the new work/rest schedule and then continued (with daily treatment during the morning) to maintain synchronization with that schedule.
SECTION 9 CONCLUSIONS/SUMMARY
Sleep research at the Naval Health Research Center (and many other research centers), has concluded that:
1.
A total sleep duration of four to five hours per 24-hour period is the minimum amount required to maintain an acceptable level of performance (but with poor mood, fatigue, lowered motivation, and general malaise).
2.
All sleep stages contribute equally to recovery from sleep loss.
That is, one sleep stage is as effective as another in removing the undesirable effects of sleep loss.
3.
It is preferable to sleep for a single, uninterrupted period rather than to take many short sleep episodes. However, short naps (20 to 40 minutes) are better than no sleep at all.
4.
The body and its functions are influenced by circadian rhythms.
Sustained operations cause varying degrees of sleep debt, leading to decreased combat effectiveness and hidden cost in manpower resources. The process of removing sleep debt is quite similar to that for removing hunger.
Hunger is eliminated by eating food; food logistics work scientifically to reduce hunger. Similarly, sleep logistics (management) will work to reduce sleep debt.
Sleep management guidelines can help evaluate and prevent the degrading effects of sleep loss on performance, moods, and motivation to work.
The most important steps to be taken in a non-pharmacologic approach to sleep management are summarized below: 
